Abstract To compare the surgical outcome of temporalis fascia graft (TFG) and vein graft (VG) in myringoplasty. This prospective study was carried out over 60 patients with inactive tubotympanic type of chronic suppurative otitis media, with small to moderate size central perforation in Jawaharlal Institute of Post Graduate Medical Education and Research, Puducherry from November 2009 to March 2011. Patients were equally randomized into two groups; TFG group and VG group according to the graft material used for myringoplasty. After routine investigations, X-ray mastoid and paranasal sinuses and pure tone audiometry, all cases were operated under local anesthesia using underlay technique. Patients were followed at 2 week, 1 and 3 month postoperatively. Graft uptake, audiological improvement, degree of hearing improvement, and complications were studied during follow up. In TFG group, graft uptake rate was 80 % and hearing improvement was present in 66.7 % whereas in VG group graft uptake rate was 83.3 % and hearing improvement was present in 70 %. No patient had deterioration in hearing, sensory neural hearing loss or any other complications postoperatively. Difference between the preoperative and postoperative air bone (AB) gap was considered as degree of hearing improvement. Postoperative AB gap was \10 dB in 60 % and 66.7 % of patients of TFG group and VG group respectively. The difference in graft uptake rate and hearing improvement between two groups was not statistically significant. Both TFG and VG are equally effective in terms of graft uptake and hearing improvement in myringoplasty.
Introduction
Myringoplasty is the surgical procedure to repair tympanic membrane perforations and thereby improving hearing, providing a dry ear and reducing susceptibility to infections [1] . Myringoplasty is accomplished by underlay or overlay technique depending on whether the graft is placed medial or lateral to tympanic membrane remnant [1, 2] . Success in myringoplasty is usually assessed in terms of healing of the perforation as well as hearing gain [1, 3] . The modern era of middle ear surgery began with the introduction of tympanoplasty by Zollner and Wullstein [4, 5] . The use of vein grafts for myringoplasty was first described by Shea [6] . Heerman was the first to use temporalis fascia for myringoplasty [1] . Since then myringoplasty surgery came a long way adopting various techniques and innumerable graft materials to close the tympanic membrane perforations. Autologous temporalis fascia is the most commonly used grafting material because of it convenient location and resistant to infection. Many other materials like skin, homologous tympanic membrane, dura, tragal cartilage, perichondrium and vein had been used with varying results. There are various studies reporting various results using temporalis fascia and vein. But, there are very few studies, which compared the efficacy of myringoplasties with vein and temporalis fascia.
Though, there are many different kinds of techniques and graft materials used, a survey of literature does not establish indisputably that a particular method is superior to the other. In the literature success rate of myringoplasties with temporalis fascia, vein graft, cartilage and perichondrium touches 80-90 %. There are conflicting reports, which claim superiority of one procedure over the other. The purpose of this study was to assess and compare the surgical outcome of temporalis fascia graft (TFG) and vein graft (VG) in myringoplasty, in terms of graft uptake, audiological improvement, degree of hearing improvement and complications. Possible causes for failure of myringoplasties were also analyzed and discussed.
Materials and Methods
The present study was conducted over 60 patients of inactive tubotympanic type of chronic suppurative otitis media (CSOM) with small to moderate size central perforations from November 2009 to March 2011. All patients were of 18-50 years of age and had adequate cochlear reserve.
Patients with large perforation of tympanic membrane, actively discharging ear, sensory neural or mixed hearing loss, attico-antral type of CSOM, those with residual disease or recurrent perforation and tympanosclerosis were excluded from the study. The study was reviewed and approved by the Ethical committee of our institution.
The cases were randomly divided into 2 groups of 30 each by block randomization; TFG group and VG group according to graft used for myringoplasty. All the cases were subjected to routine investigations, X-ray of mastoids (Law's view), X-ray paranasal sinuses and pure tone audiogram (PTA) to assess preoperative hearing loss. All cases were operated by transcanal route under local anesthesia using underlay technique. During surgery the ossicular mobility was tested by round window reflex method and the reflex was seen in all the cases indicating ossicular chain integrity. The VG was harvested from the dorsum of the left hand as described Tabb [7] . The VG was placed in such a way that the endothelial surface faced medially. All patients received amoxicillin for 5 days. The patients were followed up at 2 week, 1, and 3 months after surgery. Graft uptake, audiological improvement, degree of hearing improvement, and complications were studied during follow up visits. Graft take up was assessed by otoscopy and microscopic examination and hearing improvement was assessed by postoperative PTA 1, and 3 months after surgery.
Results
In this study, 61.7 % patients belonged to the age group of 18-27 years. The mean age of vein graft group and the temporalis fascia group was 28.33 and 27.57 respectively. Out of 60 patients, 45 were females and 15 were male. Ear discharge and hearing loss was the most common presenting symptom ( Table 1) . Most of the patients had unilateral small or moderate size central perforation ( Table 1) . Type of mastoid on X-ray and preoperative air bone gap (AB gap) are shown in Table 1 . Sequential status of graft (graft take up rate) in post operative follow ups is shown in Table 2 . Graft failure was present in 11 (18.3 %) [6 (20 %) in TFG group and 5 (16.7 %) in VF group] out of 60 patients at 3 months follow up. Hearing improvement in the study groups is shown in Table 3 . The air-bone (AB) gap at the 3rd postoperative month is taken as maximum level of achievement of AB gap closure (final outcome). Measurement of AB gap closure was taken as a guide to study the degree of hearing improvement ( Table 4 ). The postoperative AB gap was categorized into 2 groups; C10 and B10 dB (Table 5 ). There was no significant difference in graft uptake, hearing improvements and degree of improvement between the two groups.
Graft site wound infection rate was slightly higher in VG group in comparison to TFG group (13.3 vs. 3.3 %). There were no major complications in two groups. There was no nausea, vomiting and bleeding postoperatively in both the groups.
Discussion
CSOM is a major cause of acquired and preventable hearing loss, particularly in the developing world. Myringoplasty restores/improves patient's hearing and decrease the susceptibility to infection [8] . Temporalis fascia, vein and tragal perichondrium are commonly used graft material. Myringoplasty can be performed using either overlay technique or underlay technique [1, 3] . The underlay method can be achieved by either trans-canal approach or post-aural approach.
Pediatric age group was kept out of this study because this age group is still considered to have high failure rate because of possibilities of eustachian tube dysfunction, middle ear effusion and patient management problems [9] [10] [11] . Elderly population was excluded from the study because of many associated medical problems like diabetes mellitus, hypertension, presbyacusis and sensory neural hearing loss.
Patients with small or moderate central perforations were included in the present study because of the fact that limited size of the autologous VG, which would be insufficient to close larger perforation [6, 12] . Shea who first used VG advised not to use VG if the defect in the tympanic membrane is occupying more than 40 % of the tympanic membrane area [6] . It is difficult or impossible to bridge a large perforation by VG [12, 13] . The failure rate was high while repairing large tympanic membrane perforations, using VG [12, 13] . It is obvious from the various studies that VG are suited for small or moderate size perforations [12, 13] . High failure rate (6.5-20 %) has been reported with larger perforation irrespective of grafting material used [12, 14] . But according to study of Wasson et al. [15] neither perforation size nor any other assessed variable was a statistically significant determinant factor for successful myringoplasty. Inactive ears were preferred for the study to rule out the focus of infection and resultant graft failure. However, Adkins and white [14] found in his study that preoperative dry intervals do not influence the outcome of the surgery. In our study, 65 % of patients had sclerotic mastoid. The influence of sclerosis of mastoid over the outcome of surgery was not significant in both the groups. This is consistent with the study of Jacker and Schindler. [16] .
Technique of Myringoplasty
The technique employed in our study was underlay technique. Since overlay technique is associated with various complications like blunting of anterior meatal angle, lateral migration of the graft, epithelial pearls and graft cholesteatoma, underlay technique is routinely followed in our hospital. Regarding hearing results, both the methods carry equally good results [9, 10, 17] .
Regarding harvesting the graft, it was easier in the case of TFG. Temporalis fascia was easily accessible as it is close to the operation site. It was relatively easy to prepare, handle and placing the TFG. In our experience harvesting the VG was technically difficult and more time consuming than harvesting temporalis fascia. After removing excess of connective tissue over the adventitia, the prepared VG was extremely thin, compared to temporalis fascia; hence difficult to handle. Placing the VG through the tympanomeatal flap was also difficult as the graft has the tendency to roll up. There is difference of opinion regarding placing the VG that, whether the intima should face medially or laterally [7] . Shea [6] and Tabb [7] have reported the use of VG with endothelium inwards because endothelium facing inwards minimizes adhesions and the rough sticky adventitia adhering well to the prepared inner drum margin. Nickel [18] employed the VG by placing the intima either inwards or outwards without any obvious difference.
Graft Success
In our study the overall success rate of myringoplasty was 81.6 %. The success rate with TFG was 80 % while that with VG was 83.3 %. This was below the overall success rate reported by different authors especially for temporalis fascia. The difference in success rates between the graft materials was not statistically significant. Some of the important studies using TFG showed success rate of 80-99 % [9, 10, 19, 20] . Similarly in the studies employing VG the results were 50-92 % [6, 7, 13, 19, 21] . In our study, the patients who had residual partial tympanic membrane perforations at third month of postoperative follow up were considered as failures. In a study by Strahan et al. [19] highlighted the fact that in the long run ([1.6 year) VG myringoplasty would be unsuccessful with high rate of reperforation. The authors suggested that, though the studies by Tabb [7] and Shea [6] reported high success rate with VG myringoplasty, their follow up period was consistently short. According to Palva and Virtanen [22] for successful myringoplasty prerequisites are faultless surgical technique and strict adherence to it at all phases of surgery. In a study by Vartiainen, out of the 38 failed myringoplasty cases, 24 occurred in immediate post-operative period amounting to 63 % of the failures [23] . Many studies suggested that infection was not a factor in early failures but it was associated with late graft failure in 10.5-13 % cases [14, 23] . In the present study, postoperative infection and discharge was found in 6 cases (10 %). All of these 6 cases had residual perforation at the end of third month of postoperative follow up.
MacKinnon [24] in their study concluded that recurrent suppurative otitis media leading to failure of myringoplasty was neither dependent on poor eustachian tube function, nor on a long time discharge free interval before myringoplasty. In some cases where discharge was associated with intact graft otoscopically, it may be attributed to minute defect in the healed membrane, which escaped clinical detection [24] .
In some cases of graft failure cause may be attributed to avascular necrosis of the graft due to a progressive deterioration of blood supply from the periphery of the tympanic membrane [24] . In many series, 32-40 % of the graft failures were attributed to this kind of atrophy of the graft [23, 24] . Vartiainen's study attributes atrophy of the graft as the commonest cause of late failure [23] .
Many otologists prefer to do cortical mastoidectomy with myringoplasty in discharging ear with sclerotic mastoid on X-ray. Balyan et al. [25] operated discharging ear with sclerotic mastoid and showed that there was no statistically significant differences between the outcome of myringoplasty in patients who had undergone simple mastiodectomy plus myringoplasty and those without mastoidectomy. But in the study of Puhakka et al. [8] the results were significantly poor if preoperative X-Ray mastoid was sclerotic. Mastoid size does not have any effect on healing of tympanic membrane perforation [16] . It has been found that all the small sized mastoids were associated with inflammatory disease of the mucosa and in no case with a medium or large size mastoid system showed signs of inflammation at operation [16] . There was no statistically significant difference between the inflamed and non-inflamed types of mastoid on healing of tympanic membrane perforation [16] . In our series, all 6 postoperative ear discharge cases had sclerotic mastoid. Thus it can be pointed out that lurking infection in the mastoid antrum could be responsible for recurrent suppurative otitis media seen post-operatively.
In the present study bilateral disease influenced the success of the graft uptake. Bilateral disease was present in 2 cases (40 %) of vein graft failures and 3 cases (50 %) of temporalis fascia failures. Similar findings are shown in few studies which pointed out that bilateral disease is associated with poor out come compared to unilateral disease 96, 97 . In a study by Adkins and White [14] 25 % adult myringoplasty failures and 75 % of failures in children were observed in cases with bilaterally discharging ears. But according to the study by Packer et al. [17] where overall result of myringoplasty success was close to 90 %, the success rate with bilateral chronic otitis media cases was 87 %; the difference was not statically significant.
Hearing Improvement
Measurement of AB gap closure was taken as a guide to study the hearing improvement. Analysis of hearing improvement was done for cases with successful graft uptake. Seventy percent of the patients in VG group had hearing improvement compared to 66.7 % in TFG group.
The difference in hearing improvement between the two groups was not statistically significant.
In our study AB gap considered closed if it was less than or equal to 10 dB [19, 26] . In our study, 26 (14 belonged to VG myringoplasty group and 12 were in the temporalis fascia myringoplasty group) out of the total 41 patients with successful graft uptake had the AB gap closed to less than 10 dB post operatively at the end of third month. Difference between the VG myringoplasty group and temporalis fascia myringoplasty group regarding closure of AB gap was not statistically significant. Booth [26] in his study regarding hearing improvement after myringoplasty considered AB gap as closed if it was not greater than 15 dB.
AB gap closure alone could not be taken as an indicator of improvement audiometrically because closing of AB gap might still leave the patient with a postoperative hearing loss where bone conduction may be worse than preoperative level [26] . In our series, all the patients who had successful graft uptake had normal bone conduction level and subjective hearing improvement. In our study, closure of AB gap was significant when pre-and postoperative AB gap comparison was made for each group.
Hordijk and Rietema [21] considered a postoperative conductive hearing loss of 30 dB or more, or an auditory gain of 15 dB or less as an unsatisfactory hearing result [21] . In our study the mean auditory gain was more than 15 dB in comparison to mean preoperative hearing loss 22.19 dB. Results with VG regarding post-operative hearing improvement are comparable to that of TFG [21] . Tabb [7] has reported 100 % successful graft take up and hearing improvement using autologous VG taken from dorsum of hand. According to Wasson et al. [15] , the collective myringoplasty success rate was 80.8 percent and for successful patients, the mean air conduction audiometric gain was 6.8 dB. Myringoplasty using TFG and underlay technique had hearing improvement in 70-80 % of patients at the end of 1 year follow up [9, 17] . In a study by Packer et al. [17] reported average AB gap closure was 11.8 dB. In our study average AB gap closure was 16.09 dB.
In Strahan et al. [19] study, hearing restoration was judged successful if the averages postoperative bone air gap was less than 10 dB or if the air conduction was 30 dB or less. According to this study, in the case of underlay technique hearing restoration was gained in 91 % of VG cases and 82 % in temporalis fascia cases. The difference was not significant. But using overlay method 82 % of patients in VG myringoplasty group had hearing improvement while it was only 67 % in cases using TFG 82 . In our present study 66.7 % in VG myringoplasty group and 70 % in TFG group had hearing improvement. This is against the theoretical concept that a successful myringoplasty will lead to perfect hearing result. The most likely explanation for this is that in most cases of chronic otitis media, even though the ossicular chain may appear normal, there is some factor of scar tissue which prevents total restoration of hearing [9] . The present study's hearing results are comparable to other series [9, 10] .
Complications
Myringoplasty is generally regarded as a safe procedure. Complications associated with myringoplasty are graft failure, infections, sensory neural hearing loss, ossicular discontinuity, fascial nerve palsy, chorda tympani damage, external auditory canal stenosis, serous ottitis media, perichondritis, retraction of tympanic membrane and tinnitus. Toss et al. [27] reported 1.3 % incidence of high tone hearing loss following myringoplasties. Siraj and Mohammad [28] found 2 % incidence of sensory neural hearing loss with temporalis fascia graft and 9 % incidence with dura graft. In the study of Sade et al. [29] , the incidence of retracted tympanic membrane in successful myringoplasties using TFG was 11 %. Paker et al. [17] observed one case of debilitating tinnitus post operatively which was associated with sensorineural hearing loss. Glasscock et al. [10] reported 1 % incidence of EAC stenosis in his study.
Among the above mentioned complications only graft failure was noted in our study. Graft failure was present in 11 (18.3 %) out of 60 patients. Out of which five (16.7 %) patients were from VG group and six (20 %) patients were TFG group. In our study graft site wound infection was noted in 4 (13.3 %) patients in VG group as compared to one (3.3 %) patient in TFG group. However the difference was statistically not significant.
Summary and Conclusions
The graft uptake rate was 83.3 and 80 % of the patients for VG myringoplasty and TFG myringoplasty respectively at the end of third month of follow up. The degree of hearing improvement was calculated by finding the difference between pre-and post-operative AB gap. Hearing improvement was noticed in 70 % of the patients of VG group and 66.7 % of the patients of TFG group. The difference in graft take up, hearing improvement and the degree of hearing improvement between the two groups was not statistically significant.
Thus in the present study, both VG and TFG have proved to be equally efficacious in terms of graft take up and hearing improvement when used in myringoplasty for small or moderate size tympanic membrane perforation. The type of mastoid on X-ray and the laterally (unilateral/ bilateral) of ear discharge were not significantly influencing the surgical outcome. There were technical difficulties in handling the VG and there was slightly higher rate of graft site wound infection VG group.
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